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ABSTRACT 



In a communication control equipment for transmitting data 
in an external predetermined memory to a network, there are 
provided a buffer memory unit for temporarily holding the 
data transferred thereto, a data transfer unit for performing 
a data transfer between the predetermined memory and the 
buffer memory unit, a unit for executing a protocol process- 
ing with regard to data held in the buffer memory unit, a 
control unit for controlling a transmission of the data pro- 
cessed by the protocol processing to the networic, and a unit 
for producing a transmission start instruction at a start time 
instant within a range defined from a time instant when 
1 -packet data transfer from the predetermined memory to 
the buffer memory unit is commenced until a time instant 
when this data transfer is completed. The transmission start 
instruction is produced under a condition that the lower a 
data transfer speed from the predetermined memory to the 
buffer memory unit is relative to a transmission speed of the 
network, the later the start time instant is. A unit is also 
provided for causing the control unit to commence the 
transmission of the data processed by the protocol process- 
ing to the network at a later time instant during the time 
instant when the transmission start instruction is produced 
and the time instant when the protocol processing is termi- 
nated. 
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FIG. 17 



100' 

TRANSMISSION DMA UNIT _^ 




TRANSFER BYTE REGISTER 



112 



103 



REPORT TIM 
ING GENERAT- 
ING CIRCUIT 

JTH: 



DECREMENT 
CIRCUIT 



600 

Jl 



104 



J 



INTERMEDIATE 
REPORT 
BYTE 
REGISTER 



1 



REPORT 
TIMING 
DESIGNATION 
REGISTER 



110 



1 



TRANSFER 


SOURCE 


ADDRESS 


REGISTER 



INCREMENT CIRCUIT 



500 



SELECTOR 



105 



■^106 



TRANSFER DESTINATION 
ADDRESS REGISTER 



DATA HOLDING REGISTER 



^107 
108 



500 



03/29/2004, EAST Version: 1.4.1 



U.S. Patent 



Apr. 22, 1997 



Sheet 16 of 19 



5,623 



FIG. 18 



1000 



TRANSMISSION DMA? 



I 



lOOl' 



READ DMA PARAMETER 
FROM MEMORY INDICATED 
BY PARAMETER ADDRESS 
REGISTER, EXCEPT FOR 
INTERMEDIATE REPORT 
BYTE NUMBER 



1003 



PERFORM RECEPTION 
DMA PROCESS 



A 



i 



1002' 



TRANSFER TRANSFER 
SOURCE ADDRESS, 
TRANSFER DESTINATION 
ADDRESS AND TRANSFER 
BYTE NUMBER TO 
EACH CORRESPONDING 
REGISTER IN TRANS- 
MISSION DMA UNIT 



1 



1004 



CALCULATE REMAINING 
DMA BYTE NUMBER 
INTERMEDIATELY 
REPORTED FROM CONTENT 
OF REPORT TIMING 
DESIGNATION REGISTER 
AND CONTENT OF 
TRANSFER BYTE REGISTER. 
AND SET CALCULATED 
BYTE NUMBER TO 
INTERMEDIATE REPORT 
BYTE REGISTER 



O 



03/29/2004, EAST Version: 1.4.1 



U.S. Patent 



Apr. 22, 1997 



Sheet 17 of 19 



5,623,606 



FIG. 19 



I 



ANALYZE CONTENT OF 
COMMAND BLOCK 



1100 



FORM DMA PARAMETER 
EXCEPT FOR INTER- 
MEDIATE REPORT BYTE 
NUMBER TO INITIATE DMAC 



1102 



EXECUTE PROTOCOL 
PROCESSING 



1103 



'IS THERE INTERMEDIATeV. 
REPORT FROM DMAC? 



104 



ISSUE DATA TRANS- 
MISSION REQUEST TO 
MAC - LSI 



-1105 



03/29/2004, EAST Version: 1.4.1 



U.S. Patent Apr. 22, 1997 sheet 18 of 19 5,623,606 

FIG. 20 



I 



ANALYZE CONTENT 
OF COMMAND 
BLOCK 



1100 



1103' 



yfi DATA TRANS- y 

(MISSION TO yL 
\network possible y 



1 102'. 



form DMA 
PARAMETER TO 
INITIATE DM AC 



103 



EXECUTE 


REMAINING 




PROTOCOL 






processing 




104^ 







107 



EXECUTE TRANSMIS- 
SION WAITING PROCESS 



108 




Y /IS TRANSMISSION 
WATING STATE 
RELEASED ? 



IS THERE 

INTERMEDIATE REPORt 
F ROM DMAC ? 




N 



ISSUE DATA TRANS- 
MISSION REQUEST 
TO MAC LSI 



105 



A 



03/29/2004, EAST Version: 1.4.1 



U.S. Patent 



Apr. 22, 1997 Sheet 19 of 19 



5,623,606 



FIG. 21 
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COMMUNICATION CONTROL METHOD 
AND APPARATUS FOR PERFORMING HIGH 
SPEED TRANSFER OF DATA BY 
CONTROLLING TRANSFER STARTING 
TIMES 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application relates to U.S. Ser. No. 07/659.705 filed 
Feb. 25, 1991. now U.S. Pat. No. 5,303,344 entided "HIGH 
SPEED PROTOCOL PROCESSING APPARATUS" filed 
by Tatsuya Yokoyama et al. assigned to the present assignee, 
based on Japanese Application No. 2-41005 filed and No. 
2-311494 filed and the contents of which are incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

The present invention generally relates to a commixnica- 
tion control equipment and a communication control method 
for connecting a computer or the like to a network. More 
specifically, the present invention is directed to a commu- 
nication control equipment and a communication control 
method capable of performing a highspeed data transmission 
process from the computer or the like to the network. Also, 
the present invention is related to a data transfer equipment 
and a data transfer method used in the above-described 
communication control equipment and communication con- 
trol method. 

As the conventional method for reducing data transmis- 
sion process time with respect to the data transmission 
request issued from the host layer (user), for instance, 
Japanese patent publication JP-A-3-125538 entitled 
"PACKET DIVIDING METHOD" is known. In this con- 
ventional method, when transmission data from the host 
layer is subdivided into a plurality of packets and then these 
packets are transmitted to the network, the data packet is 
sent out to the network at a time instant that the transmission 
data amount received from the host layer has reached the 
maximum packet length of the divided data packet without 
waiting for the completion of receiving all transmission 
data, so that transmission delay time is reduced. 

Thus, in accordance with the above-described conven- 
tional method, the data transfer operation to the network is 
commenced before the reception of all transmission data is 
accomplished. When attention is paid to a certain packet 
corresponding to the unit of the data transmission to the 
network, the data is transferred to the network after 1 -packet 
data has been received. As a consequence, this conventional 
communication control method becomes effective if such a 
network whose maximum packet length is short is 
employed. However, with respect to a network whose maxi- 
mum packet length is great, the delay time measured until 
the packet is sent out to the network, is still long. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a com- 
munication control equipment and a communication control 
method capable of sending out a packet to a network within 
a short time, and also to provide a data transfer equipment 
and a data transfer method used in the communication 
control equipment/method. 

Another object of the present invention is to provide a 
communication control equipment and a communication 
control method capable of transmitting a packet at high 
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speed, while preventing an occurrence of an underrun 
(namely, such a phenomenon that during a data transmission 
to a network, data to be sent to the network has not yet been 
transferred from a host layer to an intemal circuit of a 
conununication control apparatus) as much as possible even 
when the data receiving speed from the host layer is lower 
than the transfer speed of the network. 

A further object of the present invention is to provide a 
conMnunication control equipment and a communication 
control method capable of transmitting a packet at a high 
speed, while preventing an occurrence of an underrun as 
much as possible even under such an environment that data 
from a host layer is received via a system bus or the like of 
a computer, and the data reception is dynamically varied due 
to a load variation in the system bus or the like, and also to 
provide a data transfer equipment and a data transfer method 
utilizing the communication control equipment/method. 

A still further object of the present invention is to provide 
a communication control equipment and a communication 
method capable of no problem during data transmission to a 
network even when the above-described underrun occurs, as 
well as to provide a data transfer equipment and a data 
transfer method using the above-described conmiunication 
control equipment/method. 

To achieve the above-described objects, a communication 
control equipment, according to one aspect of the present 
invention, for transmitting data in an external predetermined 
memory to a network, includes: 

a buffer memory unit for temporarily holding the data 
transferred thereto; 

a data transfer unit for performing a data transfer between 
the predetermined memory and the buffer memory unit; 

a unit for executing a protocol processing with regard to 
data held in the buffer memory unit; 

a control unit for controlling a transmission of the data 
processed by the protocol processing to the network; 

a unit for producing a transmission start instruction at a 
start time instant within a range defined from a time instant 
when 1 -packet data transfer from the predetermined memory 
to the buffer memory unit is commenced until a time instant 
when this data transfer is accomplished, imder such a 
condition that the lower a data transfer speed from the 
predetermined memory to the buffer memory unit is relative 
to a transmission speed of the network, the later the start 
time instant is; and 

a unit for causing the control unit to conmience the 
transmission of die data processed by the protocol process- 
ing to the network at a later time instant among the time 
instant when the transmission start instruction is produced 
and the time instant when the protocol processing is termi- 
nated. 

In accordance with this communication control equip- 
ment, since the Uransmission start instruction is produced at 
the time instant within the range from the time instant when 
the 1 -packet data from the predetermined memory unit to the 
buffer memory unit until the time instant when this 1 -packet 
data transfer operation is completed, the data transmission to 
the network is commenced before the 1 -packet data transfer 
operation from the predetermined memory to the buffer 
memory unit has been completed. As a result, the data 
transmission to the network can be performed at a high 
speed. Since the transmission start instruction is produced at 
the late time instant under such a condition that the data 
transfer speed from the predetermined memory to the buffer 
memory unit is relatively delayed with respective to the 
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transfer speed of the network, the occurrence of the underrun 
can be prevented as much as possible. 

The above-described unit for producing the transmission 
start instruction may include: 

a unit for receiving all data amount information indicative 
of all data amount for the 1 -packet data; 

a unit for obtaining remaining data amount information 
indicative of a remaining data amount based on the all data 
amount information, which corresponds to an amount of 
data among the 1 -packet data, which has not yet been 
transferred to the buffer memory unit; 

a unit for obtaining a reference data amount infonnation 
indicative of a reference data amount less than or equal to 
the all data amount, under such a condition that the later the 
data transfer speed from the predetermined memory to the 
buffer memory tmit is relatively with regard to the trans- 
mission speed of the network, the less said reference data 
amount is; and 

a unit for comparing the remaining data amount informa- 
tion with the reference data amount information and for 
producing the transmission start instruction when the 
remaining data amount becomes less than or equal to the 
reference data amount. In this case, the producing timing of 
the transmission start instruction is determined not by the 
elapsed time from the time instant when the 1 -packet data 
transfer operation from the predetermined memory is com- 
menced, but by the remaining data amount infonnation. As 
a consequence, the data reception from the host layer is 
performed via the system bus of the computer or the like, 
and then the occurrence of such an undemm can be pre- 
vented as much as possible even under environment that the 
data receiving speed is dynamically varied due to the load 
variations of the system bus or the like. 

The above-described unit for producing the transmission 
start instruction may include: 

a unit for receiving all data amount infonnation indicative 
of all data amount for the 1 -packet data; 

a unit for obtaining passed data amount information 
indicative of a passed data amount based upon the all data 
amount information, which corresponds to an amount of ^ 
data among the 1 -packet data, which has been transferred to 
the bufifer memory unit; 

a unit for obtaining reference data amount information 
indicative of a reference data amount less than or equal to 
the all data amount, under such a condition that the lower the 
data transfer speed from the predetermined memory to the 
buffer memory unit is relatively with regard to the trans- 
mission speed of the network, the more the reference data 
amount is; and 

a unit for comparing the passed data amount information 
with the reference data amotmt information and for produc- 
ing the transmission start instruction when the passed data 
amount becomes more than or equal to the reference data 
amount. In this case, the producing timing of the transmis- 
sion start instruction is determined not by the elapsed time 
from the time instant when the 1 -packet data transfer opera- 
tion from the predetermined memory is commenced, but by 
the passed data amount infonnation. As a result, also in this 
case, the occurrence of the underrun can be prevented as 
much as possible even in such an environment that the data 
receiving speed is dynamically changed due to the load 
variation of the system bus or the like. 

The above-explained unit for producing the transmission 
start instruction may include: 

a unit for receiving all data amount information indicative 
of all data amount for the 1 -packet data; 
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a unit for obtaining remaining data amount information 
indicative of a remaining data amount based on the all data 
amount information, which corresponds to an amount of 
data among the 1 -packet data, which has not yet been 
transferred to the buffer memory unit; 

a unit for holding reference ratio information indicative of 
a reference ratio corresponding to a ratio of the remaining 
data amount to the all data amount, under such a condition 
that the lower the data transfer speed from the predetermined 
memory to the buffer memory unit is relatively with respect 
to the transmission speed of the network, the less the 
reference ratio is; 

a unit for obtaining reference data amount information 
representative of a product of the all data amount and the 
reference ratio based upon both of the all data amount 
information and the reference ratio information; and 

a unit for comparing the remaining data amount informa- 
tion with the reference data amount information and for 
producing the transmission start instruction when the 
remaining data amount becomes less than or equal to the 
reference data amount. In this case, the producing of the 
timing of the transmission start instruction is determined not 
by the elapsed time from the time instant when the 1 -packet 
data transfer operation from the predetermined memory is 
conunenced, but by the remaining data amount information. 
As a consequence in this case, the occiurence of such an 
underrun can be prevented as much as possible even under 
an envirormient that the data receiving speed is dynamically 
varied due to the load variations of the system bus or the 
like. 

The above-described unit for producing the transmission 
start instruction may include: 

a unit for receiving all data amount information indicative 
of all data amount for the 1 -packet data; 

a unit for obtaining passed data amount infonnation 
indicative of a passed data amount based upon the all data 
amount information, which corresponds to an amount of 
data among the 1 -packet data, which has been transferred to 
the buffer memory unit; 

a imit for holding reference ratio information indicative of 
a reference ratio corresponding to a ratio of the passed data 
amount to the all data amount, under such a condition that 
the lower the data transfer speed from the predetermined 
memory to the buff'er memory unit is relative to the trans- 
mission speed of the network, the more the reference ratio 
is; 

a unit for obtaining reference data amount information 
representative of a product of the all data amount and the 
reference ratio based upon both of the all data amount 
information and the reference ratio information; and 

a imit for comapring the passed data amount infonnation 
with the reference data amount information and for produc- 
ing the transmission start instruction when the passed data 
amount becomes more than or equal to the reference data 
amount. In this case, the producing timing of the transmis- 
sion start instruction is determined not by the elapsed time 
firom the lime instant when the 1 -packet data transfer opera- 
tion from the predetermined memory is commenced, but by 
the passed data amount information. As a result, also in this 
case, the occurrence of the underrun can be prevented as 
much as possible even in an environment that the data 
receiving speed is dynamically changed due to the load 
variation of the system bus or the like. 

The above-described conrniunication control equipment 
may further include: 
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a unit for detecting an occurrence of an underrun; and 

a unit, responsive to the occurrence of the underrun, for 
causing the control unit to interrupt the data transfer opera- 
tion to the networic, and subsequently for causing the control 
unit to retransmit data corresponding to the 1 -packet data 5 
related to the occurrence of the underrun, and the data being 
processed by the protocol processing. In this case, even 
when the underrun occurs, there is no problem in the data 
transmission to the network. 

The above-explained conmiunication control equipment lo 
may further include: 

a unit for causing the data transfer unit to execute a data 
transfer from the predetermined memory to the buffer 
memory unit only when data can be transmitted to the 
network. 15 

A communication control method according to another 
aspect of the present invention employs a communication 
control equipment for transmitting data in an external pre- 
determined memory to a network. The communication con- 
trol equipment includes: 20 

a buffer memory unit for temporarily holding the data 
transferred thereto; 

a data transfer unit for performing a data transfer between 
the predetermined memory and the buffer memory unit; 

a unit for executing a protocol processing with regard to 25 
data held in the buffer memory unit; and 

a control unit for controlling a transmission of the data 
processed by the protocol processing to the network. 

Then, the above-explained conmiunication control 
method includes the steps of: 

producing a transmission start instruction at a start time 
instant within a range defined from a time instant when 
1 -packet data transfer from the predetermined memory to 
the buffer memory unit is conmienced until a time instant 
when this data transfer is accomplished, imder such a 
condition that the lower a data transfer speed from the 
predetermined memory to the buffer memory unit is relative 
to a transmission speed of the network, the later the start 
time instant is; and 

causing the control unit to commence the transmission of 
the data processed by the protocol processing to the network 
at a later time instant during the time instant when the 
transmission start instruction is produced and the time 
instant when the protocol processing is terminated. 45 

In accordance with another aspect of the present inven- 
tion, a data transfer equipment for transferring data stored in 
a first memory space to a second memory space, includes: 

a unit for receiving all data amount information indicative 
of all data amount of 1 -packet transfer data; 50 

a unit for obtaining remaining data amount information 
indicative of a remaining data amount based on the all data 
amount information, which corresponds to an amount of 
data among the 1 -packet transfer data, which has not yet 
been transferred to the second memory space; 

a unit for holding reference data amount information 
indicative of a reference data amount externally designated, 
the reference data amount being less than or equal to the all 
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data amount; and 



60 



a unit for comparing the remaining data amount informa- 
tion with the reference data amount information and for 
producing a signal when the remaining data amount 
becomes less than or equal to the reference data ainounL 

This data transfer equipment may be employed in the 65 
above-explained communication control equipment and the 
like. 



In accordance with a further aspect of the present inven- 
tion, a data transfer equipment for transferring data stored in 
a first memory space to a second memory space, includes: 

a unit for receiving all data amount information indicative 
of all data amount of 1 -packet transfer data; 

a unit for obtaining passed data amount information 
indicative of a passed data amount based upon the all data 
amount information, which corresponds to an amount of 
data among the 1 -packet transfer data, which has been 
transferred to the second memory space; 

a unit for holding reference data amount information 
indicative of a reference data amount externally designated, 
the reference data amount being less than or equal to the all 
data amount; and 

a imit for comparing the passed data amount information 
with the reference data amount information and for produc- 
ing a signal when the passed data amount becomes more 
than or equal to the reference data amount. 

This data transfer equipment may also be employed in the 
above-described conmiunication control equipment and the 
like. 

In accordance with a further aspect of the present inven- 
tion, a data transfer equipment for transferring data stored in 
a first memory space to a second memory space, includes: 

a unit for receiving all data amount information indicative 
of all data amount of 1 -packet transfer data; 

a unit for obtaining remaining data amount information 
indicative of a remaining data amount based on the all data 
amount information, which corresponds to an amount of 
data among the 1 -packet transfer data, which has not yet 
been transferred to the second memory space; 

a unit for holding reference ratio information indicative of 
an externally designated reference ratio corresponding to a 
rado of the remaining data amount to the all data amount; 

a imit for obtaining reference data amount information 
indicative of a product of the all data amount and the 
reference ratio based upon both of the all data amount 
information and the reference ratio information; and 

a unit for comparing the remaining data amount informa- 
tion with the reference data amount information and for 
producing a signal when the remaining data amount 
becomes less than or equal to the reference data amount. 
This data transfer equipment may also be employed in the 
above-described communication control equipment and the 
like. 

In accordance with a still further aspect of the present 
invention, a data transfer equipment for transferring data 
stored in a first memory space to a second memory space, 
includes: 

a unit for receiving all data amount information indicative 
of all data amount of I -packet transfer data; 

a unit for obtaining passed data amount information 
indicative of a passed data amount based upon the all data 
amount information, which corresponds to an amount of 
data among the 1 -packet transfer data, which has been 
transferred to the second memory space; 

a unit for holding reference ratio information indicative of 
an externally designated reference ratio corresponding to a 
ratio of the passed data amount to the all data amount; 

a unit for obtaining reference data amount information 
indicative of a product of the all data amount and the 
reference ratio based upon both of the all data amount 
information and the reference ratio information; and 

a urtit for comparing the passed data amount information 
with the reference data amount information and for produc- 
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ing a signal when the passed data amount becomes more 
than or equal to the reference data amount. 

Also, this data transfer equipment may be employed in the 
above-described communication apparatus and the like. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

HG. 1 is a schematic block diagram for representing one 
example of a communication control equipment according 
to the present invention; 

FIG. 2 is a schematic block diagram for showing one 
example of a network system directed to the present inven- 
tion; 

FIG. 3 illustrates one example of a packet format trans- 15 
mitted/received to/from the network; 

FIG. 4 represents example of a transmission operation 
realized by the present invention; 

FIG. 5 shows one example of data transmission start 
timing to the network; 20 

FIG. 6 indicates one example of an internal arrangement 
of DMAC; 

FIG. 7 shows one example of an internal arrangement of 
a transmission DMA unit; 

FIG. 8 indicates one example of an internal arrangement 
of a control unit; 

FIG. 9 shows one example of a bit arrangement of a statos 
register; 

FIG. 10 represents one example of a format of a DMA 30 
parameter; 

FIG. 11 is a flow chart for indicating one example of an 
operation of the DMAC; 

FIG. 12 is a flow chart for showing one example of an ^5 
operation of the DMAC; 

FTG. 13 is a flow chart for indicating one example of an 
operation of the DMAC; 

FIG. 14 represents one example of a format for a com- 
mand issued by a computer; 40 

FIG. 15 is a flow chart for denoting one example of an 
operation of a local processor, 

FIG. 16 shows one example of an arrangement of a 
transmission buffer memory; 

FIG. 17 indicates another example of the arrangement of 
the transmission DMA unit; 

FIG. 18 is a flow chart for representing another example 
of the operation of the DMAC; 

FIG. 19 is a flow chart for indicating another example of 50 
the operation of the local processor; 

FIG. 20 is a flow chart for showing a further example of 
the operation of the local processor; and 

FIG. 21 is a time chart for representing another example 
of the operation of the communication control equipment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

60 

Refemng now to drawings, various preferred embodi- 
ments of the present invention will be described. 
(Preferred Embodiment 1) 

FIG. 2 is a schematic block diagram for showing one 
example of an arrangement of a communication netwoik 65 
system employing a communication control equipment 2 
(2A to 2C) according to the present invention. Each of 
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computers 1 A to IC is connected via each of conununication 
control equipment 2 (2A to 2C) to a network 3. 

FIG. 3 represents a relationship among transmission/ 
reception data Dl handled by the computer 1, protocol 
headers H2, HI attached to the communication control 
equipment 2, and a frame format (packet format) sent to the 
network 3. The protocol header H2 is attached by a local 
processor 70 (will be discussed later) of the conmiunication 
control equipment 2, whereas the protocol header HI is 
attached by an MAC.LSI 60 (will be described later) of the 
communication control equipment 2. In FIG. 3, symbol 
*T1" denotes a trailer. 

FIG. 1 is a schematic block diagram for illustrating a 
connecting relationship between the computer 1 and one 
example of the arrangement of the communication control 
equipment 2. In FIG, 1, a main processor 10, a main memory 
20, and the communication control equipment 2 which are 
employed within the computer 1, are connected to a system 
bus 25. 

The communication control equipment 2 is arranged by a 
system bus interface circuit 30 to be connected to a system 
bus 25; a media access controller (will be referred to 
"MAC.LSI") 60, for controlling the data transmission/re- 
ception to the network 3; a buffer memory 50 for temporarily 
holding the transmission/reception data; and a local proces- 
sor 70 for executing a communication protocol processing 
(namely, attachment of protocol header H2) with regard to 
the transmission/reception data stored in the buffer memory 
50. The communication control equipment 2 is further 
constructed of a direct memory access controller (will be 
referred to "DMAC") 40 for executing a transfer of the 
transmission/reception data between the buffer memory 50 
and the main memory 20 within the computer 1; a program 
memory 80 for storing an instmction (command) executed 
by the local processor 70, and a local memory 90 for 
defining a table and the like required to execute the protocol 
processing. It should be noted that the MAC.LSI 60 also 
executes the remaining communication protocol processing 
(attachment of protocol header HI). 

The above-described conamunication control equipment 2 
includes two internal bus systems. One internal bus system 
corresponds to a bus 11 and a bus 14 through which the 
transmission/reception data are transferred. The other inter- 
nal bus system corresponds to a bus 12 used by the local 
processor 70 in order to execute the protocol processing. In 
this embodiment, as described above, since the internal bus 
is subdivided into the two bus systems, both of the transfer 
operation of the transmission data from the main memory 20 
to the buffer memory 50, and also the protocol processing 
are carried out in a parallel mode. The buffer memory 50 
constitutes a three-port memory and is so arranged that this 
buffer memory 50 can be simultaneously accessed by the 
DMAC 40, the MAC.LSI 60 and the local processor 70. The 
DMAC 40 and the MAC.LSI 60 are controlled by the local 
processor 70. The DMAC 40 is connected via a bus selecting 
circuit 13 to both of the bus 11 and 12. During the DMA 
transfer (data transfer) of the transmission data, the DMAC 
40 is connected to the bus 11, whereas during the interface 
process with the local processor 70, the DMAC 40 is 
conneaed to the bus 12. 

FIG. 4 is a time chart for showing one example of a basic 
operation for the data transfer method according to this 
preferred embodiment 

As represented in FIG. 4, in the data transfer method of 
this preferred embodiment, while the protocol processing 
P-1 is executed by the local processor 70, the data transfer 
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from the main memory 20 to the buffer memory 50 (will be 
referred to a "host DMA") is carried out by the DMAC 40, 
and the data transmission P-3 from the buffer memory 50 to 
the network 3 is commenced before the host DMA has been 
completed in order to execute the data transmission process 5 
from the computer 1 to the network 3 at high speed. 

Also, in this preferred embodiment, the conmiunication 
control equipment is so arranged that the above-described 
operation can be realized, while an occurrence of an under- 
run is prevented as much as possible even when the host 
DMA speed is lower than the network transmission speed. 
Furthermore, according to this preferred embodiment, the 
communication control equipment is so arranged that the 
occurrence of the underrun can be reduced even under such 
an environment that the host DMA speed is dynamically 
changed in accordance with the load given to the system bus 
25. 

FIG. 5 represents one example of a relationship between 
the data transmission start timing to the network, the host 
DMA speed, and the network transmission speed in the data 20 
transmission of this preferred embodiment. As shown in 
FIG. 5, based upon a difference between the host DMA 
speed and the network transmission speed, the data trans- 
mission start timing to the network is determined, or con- 
trolled, so that the occurrence of the underrun can be 25 
reduced. 

To achieve the above-descried operations, in accordance 
with this preferred embodiment, the following functions are 
given to the communication control equipment 2. 

(a) . A function to make an intermediate report of a DMA 30 
transfer at an arbitrary timing designated by the local 
processor 70, is given to the DMAC 40. 

(b) . To a program executed by the local processor 70, the 
following functions are given based upon the relationship 
between the host DMA speed and the networic transfer 
speed; a function to calculate a transmission start timing to 
the network 3 at which an underrun never occurs (otherwise, 
may occur at a low probability) during the data transmission 
to the network 3; a function to give this start timing to the 
DMAC 40 as an occurrence timing of an intermediate report ^ 
(transmission start instruction); and a function to initiate the 
MAC.LSI 60 while an completion of a protocol processing 

is synchronized with the intermediate report issued from the 
DMAC 40. 

45 

With reference to arrangements to realize these functions, 
a concrete explanation thereof will now be explained. 

FIG. 6 is a schematic block diagram for indicating an 
internal arrangement of the DMAC (direct memory access 
controller) 40 shown in FIG. 1. 50 

The DMAC 40 is constructed of a transmission DMA unit 
100 for executing a DMA transfer (data transfer) from the 
main memory 20 to the buffer memory 50; a reception DMA 
unit 200 for performing the DMA transfer from the buffer 
memory 50 to the main memory 20; a bus control circuit 400 55 
for executing an access control to the bus 11 and the bus 12; 
and also a control unit 300 for controlling an overall 
operation of the DMAC 40. The control unit 300 accepts a 
DMA demand (namely, data transfer demand) via the bus 
control circuit 400 and the bus 48 from the local processor 60 
70, and initiates either the transmission DMA unit 100, or 
the reception DMA unit 200 in response to a content of this 
instruction. Both of the transmission DMA unit 100 and the 
reception DMA unit 200 access the main memory 20 and the 
buffer memory 50 via the bus control circuit 400, thereby to 65 
execute the DMA transfer. In FIG. 6, reference numerals 500 
and 600 denote buses. 
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FIG. 7 is a schematic block diagram for representing a 
detailed arrangement of the transmission DMA unit 100 
shown in FIG. 6. 

The transmission DMA unit 100 includes a transfer source 
address register 105 for holding a memory address (address 
of the main memory 20) of a transfer source; a transfer 
destination address register 107 for holding a memory 
address (address of the buffer memory 50) of a transfer 
destination; a transfer byte register 102 for holding a DMA 
transfer byte number (byte number of remaining data trans- 
fer, namely remaining data amoimt information); and a 
decrement circuit 103 for updating the transfer byte register 
102. The transmission DMA unit 100 is further constructed 
of an increment circuit 106 for updating both of a transfer 
byte register 102 and the transfer destination address register 
107; a selector 110 for selecting the transfer source address 
register 105 and the transfer destination address register 107 
to give an access address to the bus control circuit 400; a 
data holding register. 108 for temporarily holding data read 
out from the main memory 20; an intermediate report byte 
register 104 into which a value lower than the transfer byte 
number is set by the local processor 70; a comparator 109 for 
comparing the content (i.e., remaining data amount infor- 
mation) of the transfer byte register 102 with the content 
(i.e., reference data amount information) of the intermediate 
report byte register 104; and a controller 101 for executing 
an overall control operation of the transmission DMA unit 
100. 

The above-described transmission DMA unit 100 owns 
such a function to perform the DMA transfer between the 
memories designated by the local processor 70 and also to 
report to the local processor 70, such a fact that the remain- 
ing byte number of the DMA transfer (for instance, value 
obtained by subtracting the DMA passed (elapse) byte 
number from all byte numbers, i.e., a total DMA byte 
number, of the data for a 1 packet) has reached the byte 
number designated by the local processor 70. In other words, 
the comparator 109 detects that the value of the transfer byte 
register 102 becomes below than the value of the interme- 
diate report byte register 104, and reports its detection signal 
(transmission start command) via the controller 101 and the 
control unit 300 to the local processor 70. 

FIG. 8 is a schematic block diagram for showing a 
detailed construction of the control unit 300 shown in FIG. 
6. 

The control unit 300 is so arranged by a control register 
303 for accepting the DMA demand issued from the local 
processor 70; a status register 302 for performing a comple- 
tion of the DMA and the above-described intermediate 
report (transmission start instruction); a parameter address 
register 304 for holding an address of a table into which a 
parameter of the transfer byte and the DMA address have 
been stored; and also a controller 301 for controlling these 
registers 302 to 304, transmission DMA unit 100 and 
reception DMA unit 200. 

FIG. 9 represents a bit arrangement of the status register 
302 shown in FIG. 8. Into the status register 302, a trans- 
mission DMA completion report signal 42, the intermediate 
report signal (transmission start instruction) 43 issued from 
the transmission DMA unit 100, and a reception DMA 
completion report signal 45 aimounced from the reception 
DMA unit 200 are stored by the local processor 70 in a 
readable form. 

FIG. 10 shows a format of a DMA request conmiand (will 
be referred to a "DMA parameter**) 91 from the local 
processor 70 to tiie DMAC 40, The DMA parameter 91 is 
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constructed of a transfer source address 91-1, a transfer 
destination address 91-2, a transfer byie number 91-3 and an 
intermediate report byte number 91-4, an is defined on the 
local memory 90 shown in FIG. 1. 

Subsequently, an operation flow of the DMAC (direct 5 
memory access controller) 40 will now be explained. 

FIGS. 11 to 13 are flow charts for showing an operation 
of the DMAC 40 when data is transmitted. 

In FIG. 11, when the DMAC 40 judges that the transmis- 
sion DMA request is accepted in accordance with the lO 
content of the control register 303 (step 1000). the DMA 
parameter 91 is read out from the memory indicated by the 
parameter address register 304 (step 1001), The transfer 
source address 91-1, the transfer destination address 91-2, 
the transfer byte number 91-3, and the intermediate report 15 
byte number 91-4 are transferred into the corresponding 
registers 105, 107, 102 and 104 within the U^smission 
DMA unit 100, respectively (step 1002). 

As represented in FIG. 12, in the transmission DMA unit 
100, the data stored in the main memory 20, which is 20 
indicated by the uansfer source address register 105, is read 
and thereafter stored in the data storage register 108 (step 
1004). Subsequently, the content of the data storage register 
108 is written into the buffer memory 50 indicated by the 
transfer destination address register 107 (step 1005). There- 25 
after, the content of the transfer byte register 102 is decre- 
mented (step 1006), and also the contents of the transfer 
source address register 105 and the transfer destination 
address register 107 arc incremented (step 1007). 

Next, as indicated in FIG, 13, a comparison is done 30 
between the value of the U-ansfer byte register 102 and the 
value of the intermediate report byte register 104. If the 
value of the transfer byte register 102 is smaller than, or 
equal to the value of the intermediate report byte register 
104, then the intermediate report (transmission start instruc- 35 
tion) is made via the status register 302 to the local processor 
70 (step 1009). Then, a judgement is made of the content of 
the Uransfer byte register 102 (step 1010). If the content of 
the transfer byte register 102 reaches "0", then the DMA 
completion report is carried out to the local processor 70 ^0 
(step 1011). If the DMA transfer operation has not yet been 
completed, the operation flows as defined in FIGS. 12 and 13 
are repeated. 

Subsequently, the operations of the local processor 70 will 
now be explained. 

FIG. 14 represents one example of a format of a trans- 
mission request command issued from the computer 1 to the 
conmiunicaiion control equipment 2. 

The ti-ansmission request issued from the computer 1 to 50 
the communication Control equipment 2 is made with 
employment of a command block defined on the main 
memory 20. To the command block 21, a conmiand code 
indicative of the request content, a transmission data length 
(namely, all data amount of 1 packet Note that a length of 55 
I packet may fixed or variable), a transmission buffer 
address 21-3 to which the transmission data has been stored, 
and computer address information 21-4 of data destination 
are set 

FIG. 15 is a flow chart for showing an operation of the 60 
local processor 70 during a data transmission. Upon receipt 
of the data transmission request from the computer 1, the 
command block 21 on the main memory 20 is read and 
analyzed by the local processor 70 (step 1100). Next, the 
remaining DMA byte number is calculated which represents 65 
a timing at which the intermediate report is wanted from the 
DMAC 40 to the host DMA, namely a timing at which an 
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undernm does not occur (otherwise, occurs at a low prob- 
ability) when the data is transmitted to the network 3 (step 
1101). In other words, at the step 1101, the remaining DMA 
byte number (reference data amount information) is 
obtained which determines a start time instant (e.g., sec FIG, 
5) within a range defined from a time instant when the 
1-paket data transfer from the main memory 20 to the buffer 
memory 50 is conunenced until a time instant when this data 
u^sfer is accomplished, under such a condition that the 
later the data transfer speed from the main memory 20 to the 
buffer memory 50 is relatively with respect to the transmis- 
sion speed of the network 3, the later the start instant is. In 
a concrete example, this remaining DMA byte number is 
determined as a value smaller than or equal to a length of 
transmission data, and also is determined under such a 
condition that the later the data transfer speed from the main 
memory 20 to the buffer memory 50 is relatively with 
respect to the transmission speed of the network 3, the less 
the remaining DMA byte number is. Thereafter, based upon 
the result of the process 1101, the DMA parameter 91 is 
produced to initiate the DMAC 40 (step 1102). 

The initiation of this DMAC 40 is carried out by setting 
the address of the DMA parameter 91 into the parameter 
address register 304, and setting the transmission DMA 
request conmiand to the control register 303. Subsequently, 
the protocol processing (attachment of protocol header H2) 
is executed (step 1103). It should be noted that this protocol 
processing includes processes as defined in steps 1103', 1107 
and 1108 of a flow chart shown in HG. 20 (will be described 
later). When this protocol processing is accomplished, the 
intermediate report from the DMAC 40 is waited (step 
1104). When the intermediate report is issued from the 
DMAC 40, a date transmission request is made to the 
MAC.LSI 60 (step 1105). 

In the above-described preferred embodiment, the 
remaining DMA byte number (namely, amount of data 
among 1 packet data, which has not yet been transferred to 
the buffer memory 50) is designated as the reference value 
with regard to the data transmission start timing (namely, 
issuing time instant for U-ansmission start instant) to the 
network 3. Alternatively, the DMA passed byte number may 
be designated as the reference value. The DMA passed byte 
number corresponds to an amount of data among 1 packet 
data, which has been transferred to the memory 50. In case 
that the DMA passed byte number is designated, for 
instance, at a step 1101 of FIG. 15, this DMA passed byte 
number is determined as a value smaller than or equal to a 
length of transmission data, and also is determined under 
such a condition that the later the data transfer speed from 
the main memory 20 to the buffer memory 50 is relatively 
with respect to the transmission speed of the network 3, the 
greater the DMA passed byte number is. 

In accordance with this preferred embodiment, as previ- 
ously described, since the transmission start instruction is 
produced within the range defined from the timing at which 
the 1 -packet data transfer operation from the main memory 
20 to the buffer memory 50 is conunenced, until the timing 
at which this 1 -packet data transfer operation is completed, 
the data transmission to the network 3 is commenced before 
the 1 -packet data transfer operation from the main niemory 
20 to the buffer memory 50 has been completed Accord- 
ingly, the data transmission delay time can be reduced even 
for the network 3 through which the data can be transferred 
within one time, the maximum data length thereof being 
long. As a consequence, the data can be transmitted to the 
network 3 at high speed Also, according to the present 
embodiment, since the intermediate report (namely, trans- 
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mission start instruction) is issued in the range defined from 
the timing at which the 1 -packet data transmission from the 
main memory 20 to the buffer memory 50 is conmienced, 
until the timing at which this 1 -packet data transmission is 
ended, the occunence of the underrun can be prevented as 
much as possible. Alternatively, according to the present 
invention, the timing at which the transmission start instruc- 
tion is issued may be determined based upon the elapse of 
time since the 1 -packet data transfer operation has started 
from the main memory 20 to the buffer memory SO. How- 
ever, in this case, an undenun readily happens to occur under 
such an environment that the host DMA speed is dynami- 
cally changed due to the load variations of the system bus 
25. With respect to this point, in accordance with this 
preferred embodiment, as the timing for issuing the trans- 
mission start instruction is determined based upon not the 
elapse of time, but the remaining DMA byte number, such 
an occurrence of underrun can be prevented as much as 
possible even under such an environment that the host DMA 
speed is dynamically varied due to the load conditions of the 
system bus 25. Furthermore, there is another advantage that 
since the occupied time of the transmission buffer may be 
shortened while reducing the data transmission delay time, 
the transmission buffer can be effectively utilized. 

However, even in accordance with this preferred embodi- 
ment, an underrun may happen to occur in a specific case. 
That is to say, the underrun may occur under such an 
environment that the host DMA speed is suddenly changed 
during the host DMA transfer operation due to the load 
variations of the system bus 25. As a consequence, in 
accordance with a preferred embodiment 2 (will be 30 
explained later), even when such an underrun happens to 
occur, measurements are taken to such a specific environ- 
ment in order not to cause a trouble in the data transmission 
to the network 3. 

(Preferred Embodiment 2) 

A different point of this preferred embodiment 2 fix)m the 
above-described preferred embodiment 1 exists in an 
arrangement of the buffer memory 50 and a function of the 
local processor 70. 

FIG. 16 represents the arrangement of the buffer memory 

50 capable of detecting an occurrent of an underrun during 
a data transmission. It should be noted that the transmission 
buffer shown in FIG. 16. is limited to such a transmission 
buffer used in a data transmission. 

In FIG. 16, to a transmission buffer memory 50-1, there 
are provided a write pointer 51 for holding a write address 
outputted from the DMAC 40, a read pointer 52 for holding 
a read address outputted from the MAC.LSI 60, and a 
comparator 53 for comparing the content of the write pointer 50 

51 with the content of the read pointer 52. When the content 
of the read pointer 52 is greater than that of the write pointer 
51, the comparator 53 outputs an underrun detecting signal 
54 and issues a report via the bus 12 to the local processor 
70. In other words, in case that data is transmitted to a 
memory address at which the transmission data is not 
written, this underrun detecting signal 54 is derived from the 
comparator 53 and supplied via the bus 2 to the local 
processor 70. 

Upon receipt of the underrun detecting signal 54 via the 
bus 12, the local processor 70 interrupts the data transmis- 
sion operation, and retransmits data of a packet in which the 
underrun happens to occur, it should be noted that the 
transmission buffer 50-1 may be constructed of a FIFO as 
another method for detecting the occurrence of the underrun, 
since a FIFO has such fimctions of the write, pointer 51, the 
read pointer 52 and the comparator 53. 
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In accordance with this preferred embodiment, when the 
underrun happens to occur, the recovery process is carried 
out.' As a consequence, even if such an undermn happens to 
occur, there is no problem in the data transmission to the 
network 3. 

(Preferred Embodiment 3) 

In the above-described preferred embodiments 1 and 2, it 
takes a lengthy time until the DMAC 40 is initiated since the 
remaining DMA byte number indicative of the data trans- 
mission start timing to the network 3 is calculated every time 
the data transmission is carried out. To the contrary, in the 
below-mentioned preferred embodiment 3, the remaining 
DMA byte number is calculated within the DMAC 40, so 
that the DMAC 40 can be quickly initiated by the local 
processor 70, and therefore the data transmission can be 
performed at higher speed than that of the preferred embodi- 
ments 1 and 2. 

FIG. 17 is a schematic block diagram for representing one 
example of an arrangement of a transmission DMA unit 100' 
equipped with such a function. The transmission DMA unit 
100' is so constructed that both of a report timing designa- 
tion register 111 and a report timing generating circuit 112 
are added to the above-described transmission DMA unit 
100 shown in FIG. 7. 

The report timing designation register 111 is a register 
settable by the local processor 70, and holds data (reference 
ratio information) indicative of a ratio of a remaining DMA 
byte number (namely, remaining data amount) for perform- 
ing an intermediate report (transmission start instruction) to 
a total DMA byte number (all data amount). For instance, 
when "80" is set to the report liming designation register 
111, this implies that the intermediate report is issued at a 
time instant when the remaining DMA byte number reaches 
80% of the overall DMA byte number, namely when 20% of 
the host DMA transfer operation has been completed. The 
value set into the report timing designation register 111 is 
such a value which can be determined by a difference 
between a host DMA speed and a network transfer speed, 
not by the length of the transmission data. TTiis value is set 
during only the initial setting operation of the DMAC 40. 
The report timing generating circuit 112 calculates the 
remaining DMA byte number used for performing the 
intermediate report based upon both of the content of the 
transfer byte register 102 and the content of the report timing 
designation register 111 in response to an instmction issued 
from the controller 101. Also, the report timing generation 
circuit 112 has a function to store the calculation result into 
the intermediate report byte register 104. It should be noted 
that the report timing designation register 111 may hold data 
representative of a ratio of a DMA passed byte number used 
for performing the intermediate report to the overall DMA 
byte number. In this case, the report timing generating 
circuit 112 calculates the passed byte number used for 
executing the intermediate report. 

FIG. 18 is a fiow chart for explaining an operation of the 
DMAC (direct memory access controller) 40 including the 
transmission DMA unit 100'. 

Upon receipt of the transmission DMA request issued 
from the local processor 70, the DMA parameter 91 except 
for the intermediate report byte number is read out from the 
memory indicated by the parameter address register 304, is 
read (step 1001'), and then is transferred to the correspond- 
ing register en^)loyed in the transmission DMA unit 100' 
(step 1002'). Next, the remaining DMA byte number is 
calculated based upon the content of the report timing 
designation register 111 and the content of the transfer byte 
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register 102, and the calculation result is set into the inter- 
mediate report byte register 104 (step 1004). Subsequendy, 
the DMA transfer operation is carried out in accordance with 
the operation flows shown in FIGS. 12 and 13 in a manner 
similar to that of the preferred embodiment 1. 

FIG. 19 is a flow chart for explaining an operation of the 
local processor 70 in case that the DM AC 40 including the 
above-described transmission DMA unit 100' is used. 

After the local processor 70 has analyzed the content of 
the command block 21 issued from the computer 1 (step 
1100), this local processor 70 forms the DMa parameter 91 
except for the intermediate report byte number and initiates 
the DMAC 40 (step 1102*). Next, the protocol processing is 
carried out (step 1103) in a similar manner to that of the 
preferred embodiment 1, and the data transmission request 
is issued to the MAC.LSI 60 (step 1105) in synchronism 
with the intermediate report from the DMAC 40 (1104). 

According to this preferred embodiment, since the 
remaining DMA byte number for indicating such a timing at 
which the intermediate report is accepted from the DMAC 
40, is no longer calculated by the local processor 70, the 
DMAC 40 can be quickly initiated. As a consequence, there 
is a merit that the data transmission can be performed at 
higher speed that that of the previous data transmission. 

(Preferred Embodiment 4) 

When the methods as described in the previous embodi- 
ments 1 to 3 are executed, since the occupied time of the 
transmission buffer can be shortened, the transmission buffer 
can be effectively utilized. However, in accordance with the 
operation flow of the local processor 70 shown in FIGS. 15 
and 19, the host DMA transfer operation is commenced 
before the execution of the protocol processing. As a result 
of the execution of the protocol processing, the transmission 
waiting process occurs and the data transfer operation to the 
transmission buffer occurs also for the data which is stopped 
to be transmitted to the network 3. As a result, since the 
transfer buffer is occupied until such a transmission pending 
condition is released, a small improvement is needed in the 
utilization of the transfer buffer. 

In the preferred embodiment 4, only when the data 
transmission to the network 3 is available, the transmission 
data is transferred to the buffer memory 50, so that the 
utilization of the transmission buffer can be increased. 

FIG. 20 is a flow chart for representing an operation of the 
local processor 70 in this preferred embodiment. Upon 
receipt of the data transfer request from the computer 1 (step 
1100), the local processor 70 judges, as a preprocess for the 
protocol processing, whether or not the data transmission to 
the network is possible (step 1103'). If possible item the 
DMAC 40 is initiated (step 1102') and then the remaining 
protocol processing is carried out (step 1103'). In other 
words, at a step 1107, the processes are carried out in which 
the processes at the steps 1103', 1107 and 1108 of FIG. 20 
are excluded from the processes at this step 1103. To the 
contrary, in such a case that the data transmission is not 
possible, the transmission wailing process is carried out 
(step 1107), and this pending condition is maintained until 
the data transmission is available (step 1108). When the data 
transmission is available, the DMAC 40 is initiated (step 
1102') and the remaining protocol processing is performed 
(step 1103"). Upon completion of the protocol processing, 
the data transmission demand is issued to the MAC.LSI 60 
in synchronism with the intermediate report from the 
DMAC 40. 

FIG. 21 is a flow chart for representing an operation of the 
communication control equipment 2 in case that the opera- 
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tion flow shown in FIG. 20 is executed by the local processor 
70. 

According to this preferred embodiment, since the trans- 
mission data is transferred to the buffer memory 50 only 
when the data transmission to the network 3 is available, the 
utilization of the transmission buffer can be furthermore 
improved, as compared with those of other preferred 
embodiments. 

It should be noted that in the respective preferred embodi- 
ments, the DMAC 40 corresponding to the data transfer 
equipment with the fiinction to execute the above-described 
intermediate report, is employed in the communication 
control equipment. However, the DMAC 40 having such a 
function capable of reporting the data transfer condition may 
be applied to many other apparatuses under such a case that 
data stored in a certain memory space is transferred to 
another memory space. 

We claim: 

1. A communication control equipment for transmitting 
data in an external predetermined memory to a network, 
comprising: 

buffer memory means for temporarily holding data u-ans- 
ferred thereto; 

data transfer means for transferring data between said 
predetermined memory and said buffer memory means; 

means for executing a protocol processing with regard to 
said data held in said buffer memory means; 

control means for controlling a transmission of said data 
processed by said protocol processing to said network; 

means for producing a transmission start instruction at a 
start time instant within a range fiT>m a time instant 
when transfer of one packet of data from said prede- 
termined memory to said buffer memory means is 
conamenced until a time instant when said one packet 
of data transfer is accomplished, wherein the lower a 
data transfer speed from said predetermined memory to 
said buffer memory means is relative to a transmission 
speed of said network, the later said start time instant 
is set; and 

means for causing said control means to commence 
transmission of said data processed by said protocol 
processing to said network at a time instant in between 
a time instant when said transmission start instruction 
is produced and a time instant when said protocol 
processing is terminated; 

wherein said transmission start instruction producing 
means comprises: 

means for receiving data amount information indicative of 
an amount of data included in said one packet of data, 

means for obtaining remaining data amount information 
indicative of an amount of data of said one packet of 
data which has not yet been transferred to said buffer 
memory means, 

means for obtaining reference data amount information 
indicative of a reference amount of data less than or 
equal to said amount of data included in said one packet 
of data, wherein the lower said data transfer speed from 
said predetermined memory to said buffer memory 
means is relative to said transmission speed of said 
network, the less said reference data amount informa- 
tion is, and 

means for comparing said remaining data amount infor- 
mation with said reference data amount information 
and for producing said transmission start instruction 
when said remaining data amount information is less 
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than or equal to said reference data amount informa- 
tion. 

2. A communication control equipment for transmitting 
data in an external predetermined memory to a network, 
comprising: 

buffer memory means for temporarily holding data trans- 
ferred thereto; 

data transfer means for transferring data between said 
predetermined memory and said buffer memory means; 

means for executing a protocol processing with regard to 
said data held in said buffer memory means; 

control means for controlling a transmission of said data 
processed by said protocol processing to said networic; 

means for producing a transmission start instruction at a 
Stan time instant within a range from a time instant 
when transfer of one packet of data from said prede- 
termined memory to said buffer memory means is 
commenced until a time instant when said one packet 
of data transfer is accomplished, wherein the lower a 
data transfer speed from said predetermined memory to 
said buffer memory means is relative to a transmission 
speed of said network, the later said start time instant 
is set; and 

means for causing said control means to commence 
transmission of said data processed by said protocol 
processing to said network at a time instant in between 
a time instant when said transmission start instmction 
is produced and a time instant when said protocol 
processing is terminated; 

wherein said transmission start instruction producing 
means comprises: 

means for receiving data amount information indicative of 
an amount of data included in said one packet of data, 

means for obtaining passed data amount information 
indicative of an amount of data of said one packet of 
data which has been transferred to said buffer memory 
means, 

means for obtaining reference data amount information 4q 
indicative of a reference amount of data less than or 
equal to said amount of data included in said one packet 
of data, wherein the lower said data transfer speed from 
said predetermined memory to said buffer memory 
means is relative to said transmission speed of said 
network, the more said reference data amount infor- 
mation is, and 

means for comparing said passed data amount informa- 
tion with said reference data amount information and 
for producing said transmission start instruction when 
said passed data amount information is more than or 
equal to said reference data amount information. 

3, A conmiunication control equipment for transmitting 
data in an exlemal predetermined memory to a network, 
comprising: 

buffer memory means for temporarily holding data trans- 
ferred thereto; 

data transfer means for transferring data between said 
predetermined memory and said buffer memory means; 

means for executing a protocol processing with regard to 
said data held in said buffer memory means; 

conux)l means for controlling a transmission of said data 
processed by said protocol processing to said network; 

means for producing a transmission start instruction at a 
start lime instant within a range from a time instant 
when transfer of one packet of data from said prede- 
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termined memory to said buffer memory means is 
commenced until a time instant when said one packet 
of data transfer is accomplished, wherein the lower a 
data transfer speed from said predetermined memory to 
said buffer memory means is relative to a transmission 
speed of said network, the later said start time instant 
is set; and 

means for causing said control means to commence 
transmission of said data processed by said protocol 
processing to said network at a time instant in between 
a time instant when said transmission start instruction 
is produced and a time instant when said protocol 
processing is terminated; 

wherein said transmission start instruction producing 
means comprises: 

means for receiving data amount information indicative of 
an amount of data included in said one packet of data, 

means for obtaining remaining data amount information 
indicative of an amount of data of said one packet of 
data which has not yet been transferred to said buffer 
memory means, 

means for holding reference ratio information indicative 
of a reference ratio corresponding to a ratio of said 
remaining data amount information to said data amount 
information, wherein the lower said data transfer speed 
from said predetermined memory to said buffer 
memory means is relative to said transmission speed of 
said network, the less said reference ratio information 
is, 

means for obtaining reference data amount information 
representative of a product of said data amoimt infor- 
mation and said reference ratio information, and 

means for comparing said remaining data amount infor- 
mation with said reference data amount information 
and for producing said transmission start instruction 
when said remaining data amount information is less 
than or equal to said reference data amount informa- 
tion. 

4. A communication control equipment for transmitting 
data in an external predetermined memory to a network, 
comprising: 

buffer memory means for temporarily holding data trans- 
ferred thereto; 

data U-ansfer means for transferring data between said 
predetermined memory and said buffer memory means; 

means for executing a protocol processing with regard to 
said data held in said buffer memory means; 

control means for controlling a transmission of said data 
processed by said protocol processing to said network; 

means for producing a transmission start instruction at a 
start time instant within a range from a time instant 
when transfer of one packet of data from said prede- 
termined memory to said buffer memory means is 
commenced until a time instant when said one packet 
of data transfer is accomplished, wherein the lower a 
data transfer speed from said predetermined memory to 
said buffer memory means is relative to a transmission 
speed of said network, the later said start time instant 
is set; and 

means for causing said control means to commence 
transmission of said data processed by said protocol 
processing to said network at a time instant in between 
a time instant when said transmission start instruction 
is produced and a time instant when said protocol 
processing is terminated; 
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wherein said transmission start instruction producing 

means comprises: 
means for receiving data amount information indicative of 

an amount of data included in said one packet of data, 
means for obtaining passed data amount information 5 

indicative of an amount of said one packet of data 

which has been transferred to said buffer memory 

means, 

means for holding reference ratio information indicative 
of a reference ratio corresponding to a ratio of said 10 
passed data amount information to said data amount 
information, the lower said data transfer speed from 
said predetermined memory to said buffer memory 
means is relative to said transmission speed of said 
network, the more said reference ratio information is, 15 
means for obtaining reference data amount information 
representative of a product of said data amount infor- 
mation and said reference ratio information, and 
means for comparing said passed data amount informa- 
tion with said reference data amount information and 20 
for producing said transmission start instruction when 
said passed data amount information is more than or 
equal to said reference data amount information. 
5. A conununication control method for transmitting data 
in an external predetermined memory to a network with 25 
employment of a communication control equipment which 
includes buffer memory means for temporarily holding data 
transferred thereto, data transfer means for transferring data 
between said predetermined memory and said buffer 
memory means, means for executing a protocol processing 
with regard to said data held in said buffer memory means, 
and control means for controlling a transmission of said data 
processed by said protocol processing to said network, said 
conmiunication control method comprising the steps of: 
producing a transmission start instruction at a start time 35 
instant within a range from a time instant when transfer 
of one packet of data from said predetermined memory 
to said buffer memory means is commenced until a time 
instant when said one packet of data transfer is accom- 
plished, wherein the lower a data transfer speed from 49 
said predetermined memory to said buffer memory 
means is relative to a transmission speed of said 
network, the later said start time instant is set; and 
causing said control means to conunence said transmis- 
sion of said data processed by said protocol processing 45 
to said network at a time instant in between a time 
instant when said traiismission start instruction is pro- 
duced and a time instant when the protocol processing 
is terminated; 

wherein said transmission start instruction producing step 50 

comprises the step of: 
receiving data amount information indicative of an 

amount of data included in said one packet of data, 
obtaining remaining data amount information indicative 

of an amount of data of said one packet of data which 

has not yet been transferred to said buffer memory 

means, 

obtaining a reference data amount information indicative 
of a reference amount of data less than or equal to said go 
amount of data, wherein the lower said data transfer 
speed from said predetermined memory to said buffer 
memory means is relative to said transmission speed of 
said network, the less said reference data amount 
information is, and ^5 

comparing said remaining data amount information with 
said reference data amount information and for pro- 
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ducing said transmission start instruction when said 
remaining data amoimt information is less than or equal 
to said reference data amount information. 

6. A communication control method for transmitting data 
in an external predetermined memory to a network with 
employment of a communication control equipment which 
includes buffer memory means for temporarily holding data 
transferred thereto, data transfer means for transferring data 
between said predetermined memory and said buffer 
memory means, means for executing a protocol processing 
with regard to said data held in said buffer memory means, 
and control means for controlling a transmission of said data 
processed by said protocol processing to said network, said 
conununication control method comprising the steps of: 

producing a transmission start instruction at a start time 
instant within a range from a time instant when transfer 
of one packet of data from said predetermined memory 
to said buffer memory means is commenced until a time 
instant when said one packet of data transfer is accom- 
plished, wherein the lower a data transfer speed from 
said predetermined memory to said buffer memory 
means is relative to a transmission speed of said 
network, the later said start time instant is set; and 

causing said control means to commence said transmis- 
sion of said data processed by said protocol processing 
to said network at a time instant in between a time 
instant when said transmission start instruction is pro- 
duced and a time instant when the protocol processing 
is terminated; 

wherein said transmission start instruction producing step 
comprises the steps of: 

receiving data amount information indicative of an 
amount of data included in said one packet of data, 

obtaining passed data amount information indicative of an 
amount of data of said one packet of data which has 
been transferred to said buffer memory means. 

obtaining reference data amount information indicative of 
a reference amount of data less than or equal to said 
amount of data, wherein the lower said data transfer 
speed from said predetermined memory to said buffer 
memory means is relative to said transmission speed of 
said network, the more said reference data amount 
information is, and 

comparing said passed data amount information with said 
reference data amount information and for producing 
said transmission start instruction when said passed 
data amount information is more than or equal to said 
reference data amoimt information. 

7. A conununication control method for transmitting data 
in an external predetermined memory to a network with 
employment of a communication control equipment which 
includes buffer memory means for temporarily holding data 
transferred thereto, data transfer means for transferring data 
between said predetermined memory and said buffer 
memory means, means for executing a protocol processing 
with regard to said data held in said buffer memory means, 
and control means for controlling a transmission of said data 
processed by said protocol processing to said network, said 
conununication control method comprising the steps of: 

producing a transmission start instruction at a start time 
instant within a range finom a time instant when transfer 
of one packet of data from said predetermined memory 
to said buffer memory means is conmienced until a time 
instant when said one packet of data transfer is accom- 
plished, wherein the lower a data transfer speed from 
said predetermined memory to said buffer memory 
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means is relative to a transmission speed of said 
network, the later said start time instant is set; and 
causing said control means to commence said transmis- 
sion of said data processed by said protocol processing 
to said network at a time instant in between a time s 
instant when said transmission start instruction is pro- 
duced and a time instant when the protocol processing 
is terminated; 

wherein said transmission start instruction producing step 
comprises the steps of: lo 

receiving data amount information indicative of an 
amount of data included in said one packet of data, 

obtaining remaining data amount information indicative 
of an amount of data of said one packet of data which 
has not yet been transferred to said buffer memory 15 
means, 

holding reference ratio information indicative of a refer- 
ence ratio corresponding to a ratio of said remaining 
data amount information to said data amount informa- 
tion, wherein the lower said data transfer speed from 20 
said predetermined memory to said bufiFer memory 
means is relative to said transmission speed of said 
network, the less said reference ratio information is, 
obtaining reference data amount information representa- 
tive of a product of said data amount information and 25 
said reference ratio information, and 
comparing said remaining data amount information with 
said reference data amount information and for pro- 
ducing said transmission start instruction when said 
remaining data amount information is less than or equal 30 
to said reference data amount. 
8. A communication control method for transmitting data 
in an external predetermined memory to a network with 
employment of a communication control equipment which 
includes bufiFer memory means for temporarily holding data 35 
transferred thereto, data transfer means for transferring data 
between said predetermined memory and said bufifer 
memory means, means for executing a protocol processing 
with regard to said data held in said buffer memory means, 
and control means for controlling a transmission of said data 40 
processed by said protocol processing to said network, said 
communication control method comprising the steps of: 
producing a transmission start instruction at a start time 
instant within a range from a time instant when transfer 
of one packet of data from said predetermined memory 45 
to said buffer memory means is commenced until a time 
instant when said one packet of data transfer is accom- 
plished, wherein the lower a data transfer speed from 
said predetermined memory to said buffer memory 
means is relative to a transmission speed of said 50 
network, the later said start time instant is set; and 
causing said control means to commence said transmis- 
sion of said data processed by said protocol processing 
to said network at a time instant in between a time 
instant when said transmission start instruction is pro- 
duced and a time instant when the protocol processing 
is terminated; 

wherein said transmission start instruction producing step 

comprises the steps of: 
. . . ^ . . , ^ 60 

receivmg data amount information indicative of an 

amount of data included in said one packet of data, 
obtaining passed data amount information indicative of an 
amount of data of said one packet of data which has 
been transferred to said buffer memory means, 55 
holding reference ratio information indicative of a refer- 
ence ratio corresponding to a ratio of said passed data 



amount information to said data amount infomaation, 
wherein the lower said data transfer speed from said 
predetermined memory to said buffer memory means is 
relatively with respect to said transmission speed of 
said network, the more said reference ratio information 
is, 

obtaining reference data amount information representa- 
tive of a product of said data amount information and 
said reference ratio information based, and 

comparing said passed data amount information with said 
reference data amount information and for producing 
said transmission start instruction when said passed 
data amount information is more than or equal to said 
reference data amoimt information. 

9. A data transfer equipment for transferring data stored in 
a first memory space to external of said data transfer 
equipment via a second memory space, said data transfer 
equipment comprising: 

means for receiving data amoimt information indicative of 
an amount of data included in one packet of transfer 
data; 

means for obtaining remaining data amount information 
indicative of an amount of data of said one packet of 
transfer data which has not yet been transferred to said 
second memory space; 

means for holding reference data amount information 
indicative of a reference amoimt of data externally 
designated, said reference data amount information 
being less than or equal to said data amount informa- 
tion; and 

means for comparing said remaining data amount infor- 
mation with said reference data amount information 
and for producing a transfer start signal which is used 
to start transfer of data from said second memory space 
to extemal of said data transfer equipment when said 
remaining data amount information is less than or equal 
to said reference data amount information. 

10. A data transfer equipment for transferring data stored 
in a first memory space to extemal of said data transfer 
equipment via a second memory space, said data transfer 
equipment comprising: 

means for receiving data amount information indicative of 
an amount of data included in one packet of transfer 
data; 

means for obtaining passed data amount information 
indicative of an amount of data of said one packet of 
transfer data which has been transferred to said second 
memory space; 

means for holding reference data amount information 
indicative of a reference amount of data externally 
designated, said reference data amount information 
being less than or equal to said data amount informa- 
tion; and 

means for comparing said passed data amount informa- 
tion with said reference data amount information and 
for producing a transfer start signal which is used to 
start transfer of data from said second memory space to 
extemal of said data transfer equipment when said 
passed data amoimt information is more than or equal 
to said reference data amount information. 

11. A data transfer equipment for transferring data stored 
in a first memory space to extemal of said data transfer 
equipment via a second memory space, said data transfer 
equipment comprising: 

means for receiving data amount information indicative of 
an amount of data included in one packet of transfer 
data; 



03/29/2004, EAST Version: 1.4.1 



5,623,606 



23 



24 



means for obtaining remaining data amount infonnation 
indicative of an amount of data of said one packet of 
transfer data which has not yet been transferred to said 
second memory space; 

means for holding reference ratio information indicative 5 
of an externally designated reference ratio correspond- 
ing to a ratio of said remaining data amount informa- 
tion to said data amount information; 

means for obtaining reference data amount information 
indicative of a product of said data amount information lo 
and said reference ratio information; and 

means for comparing said remaining data amount infor- 
mation with said reference data amount information 
and for producing a transfer start signal which is used 
to start transfer of data from said second memory space 15 
to external of said data transfer equipment when said 
remaining data amount information is less than or equal 
to said reference data amount information. 

12. A data transfer equipment for transferring data stored 
in a first memory space to external of said data transfer 
equipment via a second memory space, said data transfer" 
equipment comprising: 

means for receiving data amount information indicative of 
an amount of data included in one packet of transfer 
data; ^ 

means for obtaining passed data amount information 
indicative of an amount of data of said one packet of 
transfer data which has been transferred to said second 
memory space; 

means for holding reference ratio information indicative 30 
of an externally designated reference ratio correspond- 
ing to a ratio of said passed data amount information to 
said data amount information; 

means for obtaining reference data amount information 
indicative of a product of said data amount information 35 
and said reference ratio information; and 

means for comparing said passed data amount informa- 
tion with said reference data amount information and 
for producing a transfer start signal which is used to 
start transfer of data from said second memory space to ^ 
extemal of said data transfer equipment when said 
passed data amount information is more than or equal 
to said reference data amount information. 

13. A data transfer method for transferring data stored in 

a first memory space to external of a data transfer equipment ^5 
via a second memory space said data transfer equipment, 
comprising the steps of: 
receiving data amount information indicative of an 
amount of data included in one packet of transfer data: 
obtaining remaining data amount information indicative 
of an amount of data of said one packet transfer data 
which has not yet been transferred to said second 
memory space; 

holding reference data amount information indicative of a 55 
reference data amount externally designated, said ref- 
erence data amount information being less than or 
equal to said data amount information; and 

comparing said remaining data amount information with 
said reference data amount infonnation and for pro- 60 
ducing a transfer start signal which is used to start 
extemal transfer of data from said second memory 
space when said remaining data amount information is 
less than or equal to said reference data amount infor- 
mation. 65 

14. A data transfer method for transferring data stored in 
a first memory space to extemal of a data transfer equipment 



50 



via a second memory space said data transfer equipment, 
comprising the steps of: 

receiving data amount information indicative of an 
amount of data included in one packet of transfer data; 

obtaining passed data amount information indicative of an 
amount of data of said one packet of transfer data which 
has been transferred to said second memory space; 

holding reference data amount information indicative of a 
reference data amount externally designated, said ref- 
erence data amount information is less than or equal to 
said data amount information; and 

comparing said passed data amount information with said 
reference data amount information and for producing a 
transfer start signal which is used to start extemal 
transfer of data from said second memory space when 
said passed data amount information is more than or 
equal to said reference data amount information. 

15. A data transfer method for transferring data stored in 
a first memory space to extemal of a data transfer equipment 
via a second memory space said data transfer equipment, 
comprising the steps of: 

receiving data amount information indicative of an 
amount of data included in one packet transfer data; 

obtaining remaining data amount infonnation indicative 
of an amount of data of said one packet of transfer data 
which has not yet been transferred to said second 
memory space; 

holding reference ratio information indicative of an exter- 
nally designated reference ratio corresponding to a ratio 
of said remaining data amount infonnation to said data 
amount information; 

obtaining reference data amount infonnation indicative of 
a product of said data amount information and said 
reference ratio infonnation; and 

comparing said remaining data amount information with 
said reference data amount information and for pro- 
ducing a transfer start signal which is used to start 
extemal transfer of data from said second memory 
space when said remaining data amount infonnation is 
less than or equal to said reference data amount infor- 
mation. 

16. A data transfer method for transferring data stored in 
a first memory space to extemal of a data transfer equipment 
via a second memory space said data transfer equipment, 
comprising the steps of: 

receiving data amount information indicative of an 
amount of data included in one packet of transfer data; 

obtaining passed data amoimt information indicative of an 
amount of data of said one packet of transfer data which 
has been transferred to said second memory space; 

holding reference ratio information indicative of an exter- 
nally designated reference ratio corresponding to a ratio 
of said passed data amount information to said data 
amount information; 

obtaining reference data amount information indicative of 
a product between said data amount information and 
said reference ratio information; and 

comparing said passed data amount information with said 
reference data amount information and for producing a 
transfer start signal which is used to start extemal 
transfer of data from said second memory space when 
said passed data amount information is more than or 
equal to said reference data amount information. 
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